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SYNOPSIS 
~he paper.describes.details of analysis for stability and deformation of mast foundations during 
7nstallat1on operat1ons for a chemical reactor in alluvial deposits. Brief details of the loads 
1nvolved, foundation type, installation procedure, and evaluation of geotechnical design para-
mete~s have also been presented. The successful installation of the reactor seems to support the 
pred1cted response of the foundation. 
INTRODUCTION 
The authors were requested to advise on the 
safety of existing foundations at a fertilizer 
plant during the process of replacement of a 
203-216 tonne urea reactors. Given the time 
constraints due to contractual obligations to 
the suppliers, the engineer-in-charge required 
that predictions in terms of stability and 
likely lateral movements be supplied within 48 
hours. There was no possibility of new site 
investigation and the authors relied on the 
available information primarily for other loca-
tions in the nearby areas. The foundation and 
erection loading details were supplied by the 
engineer-in-charge. In this paper the details 
of evaluation of design parameters and estima-
tion of stability and lateral movement consider-
ations are presented. 
3~0 
MAST FOUNDATION AND REACTOR ERECTION DETAILS 
For the purposes of hoisting the new reactor in 
place, a heavy duty crane was used. The mast 
foundation pad comprised of 24 reinforced con-
crete 400 mm diameter and 14 m long bored piles 
with a pile cap (Fig. 1). The pile cap raft 
was 2.1 m thick reinforced concrete in the 
central area over 16 piles and the wings of the 
mat were 1.6 m thick. The location of the mast 
foundation relative to the existing built up 
area along with the details for transportation 
of the reactor to the location site is indica-
ted in Fig. 2. The sites of two reactors are 
indicated as DC lOlA and B in Fig. 2. 
The details of hoisting of the reactors during 
erection are shown in Fig. 3. The maximum hori-
zontal loads acting on the mast foundation were 
goven as 80 tonnes towards west direction (Fig. 
2) during hoisting operation along with a 
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Fig. 1. Positions of Piles in the Mast Foundation. 






Fig. 2. Plan of the Built up Area and Reactor Locations. 
possible horizontal load of 60 tonnes acting 
due south. For the purposes of predictions, we 
assumed the likely worst possible combination 
of 80 t due west and 80 t due south giving a 
resultant of 113 t in the SW direction. In 
addition to the horizontal loads, a moment load 
arising from 113 t acting 4 m above the heads 
of the piles was also considered in the computa-
tions. 
SOiL PROFILE AND DESIGN PARAMETER EVALUATION 
A typical bore hole profile with Standard Pene-
tration Test, SPT data (N) is indicated in Fig. 
4. The scatter in N values in these deposits 
is controlled by the presence of discontinuous 
patches of hard kankar (cemented nodules). The 
relationship reconstructed from data for other 
sites between cone penetration resistance qc 
and N values is shown in Fig. 5. The soils at 
the site are primarily low plasticity silts 
(silt content of the order of 70% with clay con-
tent (< 2 ~) varying between 15 to 20% and rem-
aining fine sand) with the water table being 
about 1 m below the ground level. The higher 
water table is controlled by a neighbouring 
irrigation canal in the area. 
On the basis of extensive laboratory and field 
testing of these soils over the past two decades, 
the silty soils under fully saturated conditions 
in the field gives an average value of undrained 
shear strength of 9 t/m2 upto 4 m depth and 
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2 -increases to 16 t/m at 10 m depth below ground 
level. Taking into account anisotropy during 
undrained shear Su = 6 t/m2 was adopted as a 
safe value for analysis. Also on the basis of 
extensive in situ plate load tests (plates upto 
1-2 m width) under high water table conditions, 
the ratio of undrained modulus to undrained 
strength Eu/Su for these soils varies in the 
range of 75 to 150 with an average around 125. 
The undrained modulus value of 750 t/m2 was 
taken for analysis. Incidently the qc/N ratio 
of about 30 (t/m2 ) is typical for silts (Meigh, 
1987) and as shown in Fig. 5, qc/N = 30 is 
quite representative of the conservative value 
for the soils at the site. Representative N 
values for these soils under high water table 
conditions vary between 6 to 10 with an average 
of 8. with qc/N = 30 t/m2 , the cone resistance 
value pf 240 t/m2 is reasonable for these soils. 
The Eu/qc relationship thus works out to be 3.1 
which is a conservative estimate for these 
medium stiff deposits. Fig. 6 shows the nature 
of effecti~e stress paths during undrained shear 
for these silty deposits over a wide confining 
stress range." A stiff response of these depo-
sits under undrained loading is indicated which 
is the expected behaviour of stiff clayey silt 
deposits in the area. 
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Fig. 3. Hoisting of the Reactors. 
The following design parameters were adopted 
in the analysis: 
E 750 t/m2 u 







Jl' 30° (neglecting cohesion). 
These are average values erring on the conserva-
tive side which were adopted keeping in mind 
the fact that no risks could be taken as it con-
cerns the safety of the reactors and the stabi-
lity of the adjoining built up structures hou-
sing very costly equipments. These slightly 
conservative estimates of design parameters were 
adopted to preclude any possibility of collapse 
of mast foundations during erection. 
FOUNDATION STABILITY CONSIDERATIONS 
The pile foundations had adequate factor of 
safety (F.S. > 3) under axial loading and only 
the stability of the pile group was checked 
under horizontal loading condition. 
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Fig. 5. Variation of q0 /N with Depth. 
Pile details 
Length, L 14 m 
Diameter, d 0.4 m 
Yield moment of the pile, M y 5.35 tm 
For L/d 35 > 10, the pile was modelled as a 
long pile. 
Using Brom's (Broms, 1964) design charts for 
fixed head laterally loaded piles the ultimate 
lateral load capacity PH(ult)' was estimated 
as under: 
PH(ult) 13. 9 the corresponding ~::...l.::=~ 
s d2 u • 
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Based on laborator tests 
Based on C, rt> of SCPT data(:Tanbu's met 
CIU on undisturbed samples from 30-40 m 
depth at Gomti and Sai aqueducts 
Stress Path during Undrained Shear. 
works out to be 12 which gives PH(ult) = 11.5 t. 
With a factor of safety of 2 the allowable late-
ral load capacity of each pile works out to be 
5.8 t. This would generate allowable lateral 
resistance of 139 t which is considerably smal-
ler than the resistance nffered by the pile 
group considered as an equivalent block (where 
F = 2) as against the maximum horizontal load 
component of 113 t. The pile group was origin-
ally designed for an allowable lateral load 
capacity of 132 t (< 139 t). This value will be 
used in the subsequent computations. 
Furthermore, the pile cap had a skirt (reinf-
orced concrete) penetrating 0.825 m below the 
pile head along the perimeter of the cap. Thus 
the pile cap + skirt (2.4 m depth below ground 
level) would mobilise additional lateral pass-
ive resistance of 60 t with a factor of safety 
of 2. Thus the overall factor of safety of 
the pile group-cap-skirt system greater than 2 
is assured under the worst loading conditions 
during erection. 
MAXIMUM LATERAL DISPLACEMENT AT GROUND LEVEL 
For computing the likely lateral deflection at 
ground level only the central 16 pile group dir-
ectly under the mast was considered. 
Poulos (1983) suggests use of interaction fac-
tors based on theory of elasticity to compute 
the deflection of pile group at the ground level 
due to applied horizontal loads (Ph) and moments 
(M). Ground line deflection of single pile with 
free head is given as: 
ph 
ph 
(IpH + M IPM) E5L PhL . 
where 
Es is undrained soil modulus 
L is pile length 




- 4 7 t 24 . 
is the moment due to Ph 
= 18.8 tm 
4.7 X 4 
are the deflection influence factors 
due to Ph and M respectively • 
and the ground line deflection of the group is 
given as: 
phF ph x RF 
where PhF is the group deflection for fixed pile 
head and RF is the group deflection ratio for 
fixed head group. 
To compute ph' we had to estimate the value 
SO of soil modulus Es. Based on our experience 
with saturated medium stiff silty soils, a cons-
ervative value of 750 t/m2 was assumed. 
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To evaluate IPH and IPM we need to calculate 
the pile flexibility factor KR defined by Poulos 
(1983) as 
where 
is the pile modulus assumed = 2.1 x 10 6 t/m2 
is the pile moment of inertia, taken as 
-3 4 1.25 x 10 m , KR was computed as of the 
order of·l0-4 • 
With this value of KR and using Figs. 8 and 9 
(Page 83, Poulos, 1983), we get IPH = 9 and IPM 
= 70 for constant Es with depth (which is more 
relevant for medium to stiff soils). With these 
influence factors ph works out to be 13 mm. 
The value of RF equal to 2.0 is obtained from 
-4 Table 3 (Page 88, Poulos, 1983) for KR = 10 
and L/d = 30 for 4 x 4 pile group. The corres-
ponding value of pile group deflection (pHF) is 
26 mm. 
The calculation assumes that the pile cap is 
placed on the ground and the effect of the axial 
load on the piles has not been considered. Both 
these factors will interact to control the ground 
line displacement which are not likely to be 
much different from the values obtained. It may 
be stated here that the soil modulus values will 
affect the magnitude of displacements and there-
fore these numbers are expected to reflect the 
order of magnitude of the maximum lateral defl-
ection. 
RECOMMENDATIONS AND CONCLUSIONS 
Since the erection operations involved very cri-
tical plant components, a detailed displacement 
monitoring plan for the total foundation system 
was suggested for providing adequate scope for 
corrective actions against any unanticipated 
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response of the components of the foundation 
system during installation operations. During 
installation precision levelling was employed to 
monitor the deflections at critical points the 
mast foundations the guy rope anchor blocks and 
the foundation blocks of the adjoining equip-
ments. 
Although the data concerning detailed deflec-
tion measurements was not supplied to the auth-
ors, it was reported that the erection operations 
were carried out without any problems and the 
observed deflections were within the predicted 
values. Even though the adopted design para-
meters and the method of analysis could not be 
quantitatively validated in the absence of 
actual measured data of deflections but the 
successful installations of the reactors quali-
tatively lends support to the adopted philoso-
phy of choosing lower bound design parameters 
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